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• Rare decays and chiral tests

• CP violation

Berkeley, 13th November 04



G. D’Ambrosio Kaon decays

• Graduated in Naples (83), I am a theorist. INFN researcher (86-)

• Harvard (84-86) Georgi → chiral lagrangian→ Finite loops (KS → γγ)

Rare Kaon decays/chiral tests (KL → π0γγ, KL → π0e+e−,..)

• DAΦNE working group (91-) Maiani=⇒ (I and II) DAΦNE Handbook

(Eds. Maiani, Pancheri,Paver)

• my characteristics: study problems only with expt. access

• Other interests: Physics beyond SM, leptogenesis
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G. D’Ambrosio Kaon decays

K → πlν and CKM unitarity

|Vud|2 + |Vus|2 + |Vub|2 = 1 Vub negligible

• Superallowed transitions =⇒ |Vud| = 0.9740 ± 0.0005
Unit.
=⇒

|Vus|
Unit. = 0.2265 ± 0.0022

|Vus|PDG04 = 0.2196 ± 0.0026 Leutwyler,Roos

|Vus|
E865 = 0.2272 ± 0.0033 (for PDG06)

Hyperons : more theoretical work needed Cabibbo et al

News expected from pion and nucleon beta decay
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G. D’Ambrosio Kaon decays

Γ(Ki
l3) = Ni|Vus|

2|f+(0)|2(1 + δl
rad)I(λ+, λ0)

• Γ(Ki
l3) improvements in: K+

e3 (BNL,NA48), K0
e3,K

0
µ3 (KTeV, NA48, KLOE)

• Form factor f+,0(t) = f+(0)(1 + λ+,0t/m
2
π)

Now measured more accurately. KTeV and ISTRA+ (contrary to NA48)
measure non-zero quadr. slope in f+(t). PDG fits to be redone

I(λ+, λ0) phase space integral improved by new measurements

• TH radiat./isospin breaking corr. δl
rad known accurately BUT all expts.

must include the same corr.

• SU(3)I-breaking −→ f+(0) = 0.961 ± 0.008 Leutwyler Roos,Lattice
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G. D’Ambrosio Kaon decays

THEORY band: |Vus|Unit.f+(0) f+(0) = 0.961 ± 0.008

Isidori,Mescia

EXP is the average of all new results

KLOE prel. , NA48 different δrad

PDG04 are the lower points

INTERPLAY TH and EXP
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G. D’Ambrosio Kaon decays

Chiral tests

• KS → γγ Loop contribution finite and unambigous χPT prediction
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BrχPT(KS → γγ)=2.1·10−6

(G.D. and Espriu 86, Goity 87)

(2.78 ± 0.072) · 10−6
(NA48 ’02)

G8 from KS → ππ

• NA48 B(KS → π0γγ) = (4.9 ± 1.8) · 10−8

• ππ scattering lengths measured accurately a0
0 = 0.216 ± 0.013 (Kl4) E865
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G. D’Ambrosio Kaon decays

KL → π0γγ

• Diphoton distribution determines the to KL → π0e+e−|CP conserving

• Amplitude approximately determined by 1 parameter (aV ); generally 3

• KTeV and NA48: fit with aV
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G. D’Ambrosio Kaon decays

KS → π0e+e− at NA48/1 Collaboration at CERN PDG04

• 7 events observed (with 0.15 expected background events)

B(KS → π0e+e−)mee>165 MeV =
(

3.0+1.5
−1.2 ± 0.2

)

× 10−9

|aS| = 1.08+0.26
−0.21

Using Vector matrix element and form factor equal to 1

B(KS → π0e+e−) =
(

5.8+2.9
−2.4

)

× 10−9

6 events observed in KS → π0µ+µ−, Br =
(

2.9+1.5
−1.2

)

× 10−9 (PDG06)
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G. D’Ambrosio Kaon decays

KL → π0e+e− : summary
Br(KL → π0e+e−) ≤ 2.8 · 10−10 KTeV PDG06

B(KL → π0µ+µ−) <? · 10−10 KTeV
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B(KS → π0e+e−) = 4.6a2
S × 10−9

Possible large interference: aS< −0.5 or aS> 1; short distance probe even for aS large.

[17.2± 9.4 + 4.7] · 10
−12
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G. D’Ambrosio Kaon decays

Short distance probe from K → πνν̄
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Isidori,Unterdorfer

B(K+ → π+νν̄)

1.6+1.8
−0.8 E787 (PDG04)

1.4+1.30
−0.89 E949 for PDG06

KL → µ+µ−

KTeV for PDG04: slopes

KL → µ+µ−γ, µ+µ−e+e−

News expected from E391a in KL → π0νν̄
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G. D’Ambrosio Kaon decays

K → 3π and charge asymmetries

NA48/2 will measure the slope (C,CP) asymmetry in K+ → 3π

∆g

2g
=

g+ − g−

g+ + g−

NA48
< 10

−4 SM
< 10

−5 PDG
< 7 · 10

−3 NP
< 10

−4

and the charge asymmetry in K+ → π+π0γ (E1 and M1 will be measured)

Istra+ has measured linear and quadratic slopes in K+ → π+π0π0 for PDG04

HyperCP has measured the CP asymmetry in K+ → π+µ+µ− −0.02±0.11±0.04

PDG04

NA48 and KLOE will accurately measure Br(KL → π0π0π0)

KLOE will measure Br(KS → π+π−π0) (Bell-Steinberger relation improved)
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G. D’Ambrosio Kaon decays

KLOE measurement of K+ lifetime

WEIGHTED AVERAGE
1.2385±0.0025 (Error scaled by 2.1)

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only.  They are not neces-
sarily the same as our ‘best’ values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.

FITCH 65B CNTR 2.4
LOBKOWICZ 69 CNTR 9.8
OTT 71 CNTR 0.1
KOPTEV 95 CNTR 0.2
KOPTEV 95 CNTR 4.9

χ2

      17.3
(Confidence Level = 0.002)

1.21 1.22 1.23 1.24 1.25 1.26 1.27

PDG

τK+ measured:

in flight (left bump)

or at rest (the other 4
data points)

KLOE will measure K+ lifetime in flight
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KL CP Violation Fit

• New KTeV data is shown as tan ellipse (b).
• When first published, the tan ellipse was much thinner than shown 
  here, causing a very poor fit.
• PDG helped them track down their error: Erratum resulted.





Related improvements to RPP data handling

• In 2002 edition
– Dependencies, correlations in fit input

• Added for 2004 edition
– Dependency footnotes are automatically generated
– Different fits can use overlapping subsets of data

• e.g. fit assuming CPT, fit not assuming CPT
• Multiple fit results now automatically appear in listings

– Scale factor handling with correlations is improved 
• This issue needs further investigation before 2006

– Plots now include inputs with correlations: ellipses



Example of new data handling features



G. D’Ambrosio Kaon decays

Outlook

• Vus all NEW: EXP. and TH. (beta decay no problem)

• To reorganize the slope parameters in KL → l+l−γ,KL →

e+e−µ+µ−

• In Γ(K+ → π+π0γ) NOW only IB and DE : we need to

distinguish in DE Interference terms and pure magnetic terms

• PDG CP violation fits improved (KTeV aknowledges

independent check)
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